A solution containing kilogram quantities of highly radioactive isotopes of americium and curium (Am/Cm) and lanthanide fission products is currently stored in a process tank at the Department of Energy's Savannah River Site (SRS). This tank and its vital support systems are old, subject to deterioration, and prone to possible leakage. For this reason, a program has been initiated to stabilize this material as a lanthanide borosilicate (LBS) glass.' The Am/Cm has commercial value and is desired for use by the heavy isotope programs at the Oak Ridge National Laboratory (ORNL).
INTRODUCTION
Approximately 15,000 I of solution containing isotopes of Am/Cm are currently stored in the F-Canyon facility at the SRS. These isotopes were recovered during plutonium-242 production campaigns in the mid and late 1970's. The continued storage of this solution was identified as an item of urgent concern in the Defense Nuclear Facility Safety Board's Recommendation 94-1. Currently there are no existing SRS facilities which can be used to stabilize this material for safe long-term storage or transport to the heavy isotope programs at ORNL. An analysis of several alternatives has resulted in the recommendation to stabilize the *Am/Cm in a LBS glass. The Multi-Purpose Processing Facility in F-Canyon will be used for the vitrification process. Pretreatment operations will be performed in canyon vessels to separate the actinides and lanthanides from other metal impurities before subsequent vitrification.
and Distribution Program at ORNL for californium-252 production and for use by the transplutonium research community. These potential uses will require the dissolution and recovery of the Am/Cm isotopes. For this reason, feasibility experiments were conducted to demonstrate the dissolution of the glass and solubilization of the Am/Cm. The dissolution flowsheet was based on the existing ORNL procedure for the recovery of M C m from transplutonium production targets. The targets are typically dissolved in nitric acid using a stainless steel dissolver in the ORNL hot cells. The dissolver can be sparged with air to provide a limited amount of agitation.
Once the Am/Cm solution is stabilized, the glass can be shipped to the Isotope Production EXPERIMENT The feasibility of recovering M C m from a LBS glass was demonstrated using a curiumcontaining glass prepared to simulate the glass composition proposed for stabilizing the solution stored at the SRS. The dissolution rate of a nonradioactive surrogate was also measured using static and agitated conditions to bracket the dissolution rate which would be expected in a dissolver at O W . The design for each experiment is described below.
Curium Extraction Test
The radioactive glass used in the curium extraction test was prepared to simulate the target (baseline) composition proposed for use in stabilizing the M C m solution stored in F-Canyon. A comparison of the simulated and target compositions is shown in Table I . The curium extraction test was performed by placing 0.25 g of -200 mesh (574 pm) glass into each of six TeflonTM vessels containing 10 ml of concentrated (15.7 M) nitric acid. The vessels were sealed, weighed, and placed in an oven at 110°C. After 2 hr, 2 vessels were removed for analysis, followed by 2 more at 4 and 8 hr. After cooling each vessel was opened and the contents transferred to a 250 ml flask for dilution with 0.01 M nitric acid. Samples were then analyzed by induction-coupled plasma emission (ICP-ES) and gamma spectroscopy.
Glass Dissolution Rate
The dissolution rate of a 38 wt% LBS glass was determined by measuring the mass and surface area during the dissolution as functions of time. The composition of the glass is shown in Table 11 . Ce02 7 Approximately 30 g of glass were initially melted and cast into a 2 cm diameter graphite crucible. The bottom and top of the glass were cut and polished to produce a right circular cylinder. The glass sample was placed in 8 M nitric acid at nominally 1 10°C. Periodically, the sample was removed from the acid, rinsed in distilled water, and dried. The sample mass, radius, and height were then measured as a function of the dissolution time. This procedme was initially performed using an air sparge for agitation and with removal of the silica layer from the surface of the glass prior to the measurements. The rate measured under these conditions corresponded to the most rapid dissolution which would be expected in the ORNL dissolver. This procedure was then repeated using the same glass sample with no agitation in the dissolver or removal of silica from the surface of the glass. These conditions corresponded to the slowest expected rate thereby bracketing the actual dissolution rate in the ORNL dissolver.
RESULTS

Curium Extraction Test
Results from the curium extraction test are presented in Table I11 as the percent of each element recovered from the glass as a function of heating time. The percentages were calculated from the concentrations of the respective elements in the final extraction solutions and the concentrations of the elements in the original glass. The analyzed composition of the glass was used for this calculation except for praseodymium which could not be analyzed due to spectral interferences. The quantity of praseodymium added to the glass batch was used for this calculation. The values shown in Table I11 are the average of two samples at each extraction time. The results for the duplicate samples were in excellent agreement. Relative standard deviations were nominally *5%. From these results, it can be seen that all elements excluding silicon can be extracted from the glass in 2 hr or less if the glass is ground to less than 200 mesh. The slightly greater than 100% recoveries are likely due to a low bias in the analyzed composition of the glass. Elemental analysis for the curium glass was performed following a sodium peroxide fusion and nitric acid dissolution. This technique only accounted for approximately 93% of the glass in the original sample (see Table I ) which would inflate the recoveries given in Table 111 . The silicon in the glass which remained essentially insoluble, can be removed from the solution by filtration. 
_--
Since the actual geometry and conditions used at ORNL for transplutonium targetdissolution could not be exactly duplicated in the laboratory, rate measurement experiments were designed to bracket the expected rate. Rapid and slow dissolution rates of the 38 wt% LBS glass were determined by plotting the ratio of the glass mass to surface area as a function of time and fitting least squares lines to the data (see Figures 1 and 2 ). The measured rates (-slope of the lines), at 95% confidence levels, were 0.040+0.002 and 0.0082+0.0002 g/hr.cm2.
The more aggressive conditions achieved during rapid dissolution were established by sparging with air and removing the silica layer which formed on the surface of the glass. The exposed surface area enhanced the rate by removing any barrier silica presented for diffksion of acid to the surface of the glass. Energy dispersive x-ray analysis confirmed the residue was pure silica and that all other components of the surrogate glass dissolved in 8 M nitric acid. During the static dissolution test, care was taken not to remove the silica layer; however, silica did flake from the surface and built-up on the bottom of the dissolver. As the silica cracked and flaked from the surface, there was continual renewal of the layer as the dissolution proceeded. Although a silica layer formed on the surface of the glass and was either removed or flaked from the glass cylinder, right circular geometry was maintained throughout both experiments.
Once the glass sample was completely dissolved, the solution and residual solids were separated by filtration. The volume of the filtrate was measured and samples analyzed by ICP-ES for elemental concentrations. The residual solids were washed with 0.5 M nitric acid to redissolve precipitated lead and barium nitrates. The solution was filtered and samples submitted for elemental analysis by ICP-ES. Based on the solution analyses, the recovery of each lanthanide was 100% with an overall elemental recovery (excluding silicon) of approximately 95%. The silicon concentration in the dissolver solution was approximately 20 mg/l.
Glass Dissolution Model
A predictive equation for the time required to dissolve a glass particle of spherical geometry was derived fiom the slope (-KR) of the line (equation 1) through the data on Figures 1 and 2 . Substituting for the mass ( M ) and surface area (SA) in terms of the particle diameter (Do) and density (p,), followed by integration, yields an equation for the time (t) required for complete dissolution of the glass particle (equation 2).
Assuming the curium-containing glass particles were spherical with an equivalent diameter of 74 pm and a density of 4 g/cm3, the time required for complete dissolution can be calculated from equation (2) as 0.6 hr. This value is consistent with the observation that complete dissolution was achieved in 2 hr or less. By assuming spherical geometry and a maximum particle size, equation (2) will overestimate the time required to dissolve the curium . _--glass. The range of particle sizes with an equivalent diameters less than 74 pm increases the surface area and the rate of dissolution when compared to the idealized case. The higher molarity of nitric acid used to dissolve the glass also enhanced the rate and reduced the dissolution time when compared to the time predicted by equation (2), although this effect has not been quantified.
CONCLUSIONS
The feasibility of recovering M C m from a LBS glass was demonstrated using a curiumcontaining glass prepared to simulate the composition proposed for stabilizing the M C m solution stored in the F-Canyon facility at SRS. After grinding to less than 200 mesh, the glass was dissolved in concentrated nitric acid at 1 10 "C in less than 2 hr. Elemental recoveries for each glass component following the extraction were essentially 100% except for silicon which remained mostly insoluble.
the dissolution rate of a surrogate glass under both static and agitated conditions. In each case, the ratio of the mass to surface area was linear with respect to time. The constant rate of dissolution was used to derive a predictive equation for the time required to dissolve a glass particle of spherical geometry in terms of the glass density, particle size, and experimentally measured rate. The calculated time required to dissolve an idealized curium glass particle was in agreement with the experimental observation that dissolution was complete in less than 2 hr.
The expected rate of dissolution, when the Am/Cm is recovered, was bracketed by measuring
